
VEGETATION AND VASCULAR FLORA OF TALLGRASS PRAIRIE AND 

WETLANDS, BLACK SQUIRREL CREEK DRAINAGE, SOUTH-CENTRAL 

COLORADO: PERSPECTIVES FROM THE 1940s AND 2011 

Sylvia Kelso 
Department of Biology, Carter Herbarium 

Colorado College 
Colorado Springs, Colorado 80903, U.S.A. 

tkelso@coloradocollege.edu 

Miroslav Kummel 

Leah Fugere 
Environmental Program 

Colorado College 
Colorado Springs, Colorado 80903, USA. 

Sebastian Tsocanos 
Environmental Program 

Colorado College 
Colorado Springs, Colorado 80903, U.S.A. 

ABSTRACT 

RESUMEN 

INTRODUCTION 

Over the past c 
ment expanded while fire suppression, invasion of exotic species, and overgrazing altered grassland compo- 



204 Journal of the Botanical Research Institute of Texas 8(1) 

nents. Prairie vegetation overall, and tallgrass communities in particular, now elicits special conservation fe¬ 

west and West (Nicholson & Hulett 1969; Samson & Knopf 1996; Bachand 2001; Colorado Natural Heritage 
Program 2005; Rondeau et al. 2011). In the early 1940s, ecologist Robert Livingston undertook a detailed study 
of tallgrass prairie in south-central Colorado north of Colorado Springs (Fig. 1). He profiled this vegetation in 
his graduate theses and related publication (1941,1947,1949,1952) as unique remnant vegetation with strong 
floristic similarities to the Midwest prairies. This work provided a portrait of regionally anomalous vegetation 

In this study, we reanalyzed the grassland vegetation in the Black Squirrel Creek drainage (Fig. 2) that 
was the focus of Livingston’s work. We compared its current composition to the earlier descriptions and added 
additional documentation of associated wetland communities and the vascular flora. Although these addi- 

these elements suggested their importance as part of the regional ecological profile. The objectives of our study 

1) Document the flora of the mesic and hydric communities and assess the extent to which this flora contains 
elements from the Midwest prairie or other regional components such as montane species typically oc¬ 
curring in the foothills, and highlight species of concern. 

2) Document the types of wetland habitats occurring in the grassland matrix and their signature flora, plant 
associations and hydrogeomorphic profiles. 

3) Compare the current dominant species and composition of the vegetation to the 1940’s profile considered 

the dominant grass species had changed with respect to contribution to cover and frequency. 

Regional vegetation contexts: shortgrass, mixed grass and tallgrass prairie 
The eastern plains of Colorado encompass a wide range of grassland communities across diverse topography 
and edaphic substrates (Ramaley 1919; Shantz 1923; Weaver &  Fitzpatrick 1934). These grasslands represent 
the western edge of the Great Plains, where collective vegetation types and many individual biotic components 
have been diminished from their historic presence (Rondeau et al. 2011). Shortgrass prairie (also known as 
shortgrass steppe senus Lauenroth et al. 2008) with its signature species Bouteloua gracilis (Willd. ex Kunth) 
Lag. ex Griffiths (nomenclature herein follows the U.S. Dept, of Agriculture National Resources Conservation 
Service Plants Database 2013 (www.plants.usda.gov); see Appendix 1 for full  citations and exceptions) is the 
dominant regional vegetation (Weaver 1954; Neeley et al. 2006; Lauenroth et al. 2008). Shortgrass prairie 
south of Denver typically lacks extensive amounts of Buchloe dactyloides, a codominant elsewhere in short¬ 
grass prairie, although it occurs sporadically in the shortgrass matrix here. In the piedmont east of the Colo¬ 
rado Front Range foothills, a mixed grass prairie prevails, where grama grass is present in conjunction with a 
high representation of species in Elymus, Hesperostipa, Muhlenbergia, and Poa along with Schizachyrium sco- 
parium (Michx.) Nash), Sporobolus cryptandrus (Torrey) A. Gray, and Koeleria macrantha (Ledeb.) Schult. This 
vegetation is extensive north and east of Colorado Springs, where the topographic watershed known as the 
Palmer Divide separates the drainages of the South Platte River to the north and the Arkansas River to the 

Limited occurrences of tallgrass prairie vegetation (Vestal 1914, 1917, 1919; Moir 1972; Bock & Bock 
1998) exist just east of the Front Range in areas where edaphic conditions enhance soil moisture (Branson et 
al. 1965). The Colorado Natural Heritage Program (2012) tracks four tallgrass communities of conservation 
concern: xeric tallgrass prairie dominated by Andropogon gerardii Vitma and Sporobolus heterolepis (A. Gray) A. 
Gray), or A. gerardii and Schizachyrium scoparium (Michx.) Nash), and mesic tallgrass prairie dominated by A. 
gerardii and Calamovilfa longifolia (Hook.) Scribn.), or A. gerardii and Sorghastrum nutans (L.) Nash). These as¬ 
sociations are part of mixed vegetation that comprises the collective Western Great Plains Foothill and Pied¬ 
mont Grasslands (Colorado Natural Heritage Program 2005). 
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At the species level, Colorado tallgrass prairies parallel those found in the Midwest where signature taxa 
include Andropogon gerardii, Hesperostipa spartea (Trin.) Barkworth), Panicum virgatum L., Sorghastrum nutans, 
and Sporobolus heterolepis, as well as the sand prairie tallgrass species Calamovilfa longifolia (e.g., Weaver 1954; 
Freeman 1998). The relative amounts of these species typically differ among central and western states (Weav¬ 
er 1954; Weaver & Albertson 1956) according to precipitation and temperature regimes and soil types; in 
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Fig. 2. Core study site along upper Black Squirrel Creek drainage, east of Colorado Springs. Transect locations are indicated by numbered ellipses; sizes 
are exaggerated for clarity. 

Colorado, it has long been recognized that these communities similarly vary along a north-south gradient 
(Robbins 1910; Vestal 1914,1917,1919). 

South of the Palmer Divide, isolated examples of tallgrass prairie occur within a ponderosa pine forest- 
grassland matrix known as the Black Forest (Shaddle 1939; Fig. 1). Studies by Vestal (1917), Shaddle (1939), 
and Williams and Holch (1946) noted the unusual vegetation and flora here. This region and surrounding 
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grasslands became the focus of studies in which Livingston (1941,1947,1949,1952) highlighted the similarity 
of the grassland vegetation and flora to Midwestern “true prairie”, and suggested it represented fragmented 
relict communities from the Pleistocene (Livingston 1952; Weaver and Albertson 1956). Although relatively 
recent studies of tallgrass vegetation in eastern Colorado have been conducted in the Boulder area ca. 150 km 
north of the Black Forest (e.g., Moir 1972; Baker &  Galatowitch 1985; Bock &  Bock 1998; Neid et al. 2009), no 
assessment of the Black Squirrel Creek vegetation has been done since those of Livingston, although surveys 
by the Colorado College Herbarium and the Colorado Natural Heritage Program (Doyle et al. 2001a; 2001b) 

Study Site 
The Black Squirrel Creek system, a complex anastomosed network of drainages into the main creek channel, 
begins near the summit of the Palmer Divide (Figs. 2,3) in the Black Forest and extends southeast, ultimately 
draining into the Arkansas River east of the city of Pueblo. In the upper quarter of the drainage, the creek typi¬ 
cally has perennial flow, but this becomes intermittent aboveground to the south. Our primary study area was 
located on the upper Black Squirrel drainage between the municipalities of Falcon and Peyton, with an eleva¬ 
tion range of ca. 2000 to 2200 m (6500 to 7100 ft). Quantitative data were taken on the core area covering ca. 
770 ha (1900 acres) on a ca. 3100 ha (7700 acre) ranch that encompasses the main stem of Black Squirrel Creek 
with perennial flowing water, as well as with subsidiary drainages with intermittent flow and standing water. 
We took additional floristic and qualitative information south of the core area for a distance of ca. 10 km in 
order to encompass the area utilized in the 1940’s studies. The topography consists of gently rolling uplands of 
mixed grass prairie on Quaternary deposits of aeolian sand (Morgan &  Barkmann 2012) separated by lowland 
drainages and swales with small discontinuous wetlands, seeps, springs, and seasonal ponds supported by 
groundwater. Our study focused on the mesic and hydric flora and vegetation occurring in these drainages, the 
associated wetlands, and streambeds of Black Squirrel Creek and its tributaries rather than the xeric and 
mixed grass vegetation of the uplands that is widely represented on the plains. 

Longterm annual precipitation since 1956 for this region averages ca. 38 cm (17 in; Western Regional Climate 
Center, data for Eastonville, CO) with ca. 75% of this occurring from spring rains in April  to May and a July- 
August pulse from thunderstorms. Interannual variation in precipitation can be extreme in Colorado, with 
severe droughts occurring in the 1950s, 1970s, early 1980s, and early 2000s (Henz et al. 2004). Local rainfall 
tracks the topographic gradient, where higher elevations near the top of the drainage receive more rainfall in 
the summer and more winter storm events; these are often highly localized and precipitation events can vary 
over short distances. Longterm temperature records (Western Regional Climate Center; data for Colorado 
Springs 1948-2005) indicate an average daily high of 26.6° C (79.9° F) - to an average low of 12.7° C (54.8° F) 
in the growing season months of June to August, while January temperatures range from an average high of 

reported by Livingston (1947). 

Geology 
Livingston (1952) and Branson et al. (1965) noted the relationship between soils of perennial high moisture 
and the persistence of tallgrass prairie vegetation in Colorado; these azonal conditions are promoted by soil 
composition and water table dynamics. In our study area, two aquifers play a significant role in local hydrology 
and soil moisture: the alluvial Black Squirrel Creek aquifer and the underlying andesitic sandstone Dawson 
Formation bedrock aquifer (Bittenger 1976; Robson 1988; Topper 2008; Morgan & Barkmann 2012). Subsur¬ 
face topography slopes steeply south, shaped by the ancestral Black Squirrel Creek now covered with glacial 
alluvium that forms the Black Squirrel Creek aquifer of Pleistocene gravels and coarse sand. This aquifer 
ranges in depth from 0-215 m; close to the headwaters of Black Squirrel Creek it is relatively shallow but it 
becomes deeper to the southeast. The alluvial aquifer is a significant source of well water for domestic, agricul¬ 
tural, and municipal uses (Topper 2008) and provides localized high water table occurrences. However, in our 
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Fig. 3. Main stem of Black Squirrel Creek. Upland areas contain mixed grass prairie vegetation and tallgrass vegetation occurs along the side banks. 

study area the alluvial layer is relatively thin or absent, and much of the subsurface water here that supplies the 
seeps and springs is likely to be primarily a result of the Dawson Formation bedrock aquifer (R. Topper, pers. 
comm.), a late Cretaceous-Tertiary sandstone widely exposed along the Palmer Divide and close to the surface 
in the upper Black Squirrel Creek drainage. Becausethe aeolian and alluvial surface deposits of the area are 
highly permeable, runoff is low, and both aquifers receive recharge from precipitation (Topper 2008). The in¬ 
terface of the alluvial and bedrock aquifers is regionally complex with no detailed mapping of localized hydro- 
logical regimes yet available, and it is likely that both the alluvial and bedrock aquifers supply groundwater 
across the entirety of the drainage. 

MATERIALS AND METHODS 

The study area was surveyed intensively from May to August 2011 throughout the growing season, although 
floristic collections occurred regularly since 2000 and sporadically since the 1970s. We conducted qualitative 
surveys of topography and floristic composition of significant plant communities on each section of the main 
and subsidiary drainages every two weeks during 2011. We documented the vascular flora as completely as 

(COCO); primary voucher specimens for all taxa are at COCO, with duplicates at COLO and CS. Vegetation 
communities and significant species and wetland features along the main drainage and its key tributaries were 
mapped using geospatial coordinates. 

Our initial surveys along the drainage of Upper Black Squirrel Creek provided qualitative assessments of 
the current extent and condition of grassland communities in sites as close as possible to those in the original 
Livingston studies, for which only generalized location information was available. Due to landscape modifica¬ 
tion in housing developments and roads or inability to obtain permission for access, the most intact communi¬ 
ties in which we were able to take quantitative data were located ca. 10 km north of the original Livingston 



plains sites, and a similar distance south of his forest-grassland interface plots (Livingston 1947; 1952) within 
the same hydrologic system in comparable topography. We were able to access the general area where his 
original sites were located for floristic information, although we did not take quantitative data due to distur¬ 
bance from intensive grazing and anthropogenic surface alterations. 

were in the Black Forest within a ponderosa pine-savannah community at 2200-2300 m (7200-7500 ft.), and 
three locations (one with 3 transects) were along the Black Squirrel Creek drainage in grasslands at ca. 2000 m 
(6500 ft). The original transects each encompassed ten quadrats of 1 x 0.5 m; in comparison, we used four 105 
m transects, each with 20 similarly sized quadrats spaced 5 m apart. This modification allowed us to assess the 
small-scale heterogeneity characteristic of the region. All  2011 transects were located at approximately 2100 m 
(7000 ft) in elevation. 

Transects 1 and 2 were located along the north-facing bank of the main stem of Black Squirrel Creek 
(Figs. 2,3) in vegetation that met our criteria for sufficient length with the presence of tallgrass indicator spe¬ 
cies Sporobolus heterolepis, Andropogon gerardii, Hesperostipa spartea, or Sorghastrum nutans. These transects 
were parallel, ca. 10 m apart, and offset so that they overlapped by one half their length. We located two addi- 

drainage ca. 1 km north of transects 1 and 2, and Transect 4 was located in a tributary drainage, ca. 3 km north 
of transect 3. To match the protocol, timing, and data format of Livingston, we surveyed the vegetation in late 
August following his methodology for assessing basal and relative cover and frequency of dominant taxa. 

Basal Cover and Relative Cover 
In each quadrat, we estimated the total basal cover as a percentage of the total area, as well as the percent cover 
of bare ground and litter combined, then averaged these over each transect of 20 quadrats. For each quadrat we 
estimated the total cover of all plants, the relative cover of combined graminoids (Poaceae, Cyperaceae, Junca- 
ceae and Juncaginaceae) as a percentage of the total vegetative cover, and the contribution of each identifiable 
species to the total graminoid cover. 

Frequency 
In each quadrat we recorded the presence of all graminoid species and calculated a frequency metric and rank 
of the dominant taxa by summing the quadrat data for each transect individually. We also calculated the mean 

Vascular Flora 
The flora reported here (Appendix 1) represented only the hydric and mesic habitats and does not encompass 
species restricted to the more xeric uplands. Some components of this upland vegetation extended into the 

noted as a xeric component. We defined notable elements (Table 1) in four categories. Rare taxa were those 
tracked as being of conservation concern by the Colorado Natural Heritage Program. Regionally uncommon 
taxa were those with few regional herbarium records COCO and so categorized in prior studies by Kelso 
(2012), Culver and Lemly (2013) or Weber and Wittmann (2012). Foothills/Montane elements were topo¬ 
graphic disjuncts that typically occur in higher elevation locations of the Pikes Peak or Front Range foothills as 
noted by Weber and Wittmann (2012) and herbarium records at COCO. Midwestern elements were taxa as¬ 
sociated with the characteristic Midwest Prairie flora as explicitly noted by Shantz (1928), Weaver and Fitzpat¬ 
rick (1934), Weaver (1954), or Livingston (1952). 

the U.S.D.A. Plants Database (www.plants.usda.gov). The highest species richness was in the Asteraceae (50 
species), Poaceae (43 species), Cyperaceae (18 species), and Juncaceae (12 species). Additional families with 
high species richness included the Fabaceae, Polygonaceae, Rosaceae, and Scrophulariaceae (s. lat.). The flora 
included relatively few noxious weeds; Lythrum salicaria, which existed sporadically in a side drainage of Black 





211 

Squirrel Creek, is the only A list species. Although a detailed lloristic list was not an objective of the Livingston 
studies, we found almost all taxa he noted as still present, with only a few exceptions (Appendix 1). 

Over one fifth  of the flora was regionally associated with foothills/montane habitats, and at least a compa¬ 
rable proportion was characteristic of the Midwest prairies. By contemporary phytogeographic perspectives 

timate, but to simplify comparison, we used for reference only those species explicitly listed in early studies as 
characteristic of the Midwest. Eight of the “Midwest” species were also locally characteristic of the foothills/ 
montane zone. Eighteen plant species occurring in the Black Squirrel Creek drainage were locally uncommon, 
and nine were tracked by the Colorado Natural Heritage Program for being of conservation concern. 
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Wetland habitat Classifications 

and floristic profiles (Table 2). Our classification follows the Colorado Natural Heritage Program (Carsey et al. 
2003) and includes general categories of Riverine Wetlands sourced by ongoing streamflow, Slope Wetlands 
supported by groundwater on gentle to moderate slopes, and Depressional Wetlands supported by ground 
water filling  a depression on a permanent or intermittent basis. Each habitat type occurs in multiple instances 
throughout the Black Squirrel drainage. Vegetation associations listed for each hydrogeomorphic class follow 
those used by the Colorado Natural Heritage Program (Carsey et al. 2003; Culver & Lemley 2013) classifica¬ 
tions as closely as possible. 

Riverine Wetlands 
Stream Channel Tall Willow Shrubland.—This community occurred in a limited extent on the northwestern 
edge of the main Black Squirrel Creek drainage, covering about a kilometer in length; shrub cover diminished 
further downstream, but reoccured in patches along the drainage in wide stream meanders with shallow sub¬ 
surface water. The primary vegetation community was sandbar willow-mesic graminoid shrubland dominated 
by Salix exigua with occasional occurrences of other tree and shrub species of willow (e.g., S. irrorata, S. liguli-  
folia, and S. amygdaloid.es); the forb component was limited but included patchy occurrences of Agrimonia 
striata, Cirsium canadensis, Glycyrrhiza lepidota, Helianthus nuttallii, Monardafistulosa, and Rudbeckia hirta. 

Stream Channel Herbaceous Vegetation.—Open gravels of the main channel and occasional side drainages 
supported a linear strip of obligate wetland forbs, sedges, and rushes where stream flow formed riffles around 
gravel banks and sandbars. The gravel stream channels were notable for their abundance and diversity of 
rushes, including the rare Juncus brachycephalus, as well as Gentianopsis virgata. Both of these species are Mid¬ 
west prairie elements known in Colorado only from this region. Although dominated by non-woody vegeta¬ 
tion, the stream channels also supported occasional occurrences of young saplings of Populus deltoides or spe¬ 
cies of Salix. 

Slope Wetlands 
Moist Shelves.—These heterogeneous surfaces were located primarily in the main drainage above the creek 
channel depression and along some subsidiary drainages. Surfaces were flat to gently sloping, with moisture 
accumulating from springs and runoff above. Moister areas held a greater abundance of facultative or obligate 
wetland species interspersed with xeric elements. Vegetative cover was primarily composed of graminoids and 
mixed forbs with occasional shrub patches. Sporobolus heterolepis was particularly widespread here, and the 
shelves supported extensive occurrences of a Sporobolus heterolepis dominated community with occasional 
instances of Andropogon gerardii, along with patches of Andropogon gerardii-Sorghastrum nutans associations. 
The Sporobolus-dominated communities ranged in width from 5 m to almost 40 m; depending on the topogra¬ 
phy, lengths could be short patches of 10 m to longer extents over 50 m. Drier areas included heterogeneous 
mixed grass vegetation with Calamovilfa longifolia, Koeleria macrantha, Muhlenbergia montana, Poa pratensis, 
and Schizachyrium scoparium. 

Moist Banks.—These encompassed a significant portion of the drainage system and held some of the high- 

Liatris ligulistylis. The moist banks typically occurred on side drainages with a U-shape profile and received 
consistent subsurface moisture from seeps and springs; their surfaces were steeper than moist shelf habitats, 
and they usually included seeps that oozed perennial moisture. Plant associations included mixed mesic tail- 
grass communities with components of Calamovilfa longifolia, Schizachyrium scoparium, Sorghastrum nutans, 
Sporobolus heterolepis, and Stipa spartea. Andropogon gerardii clumps were common, but did not form a domi¬ 
nant component of the vegetative cover. Like moist shelf communities, bank communities sometimes occurred 
as lengthy strips to 50 or more meters, or as shorter patches interspersed with depressional wetlands. 

Nebraska Sedge Bogs and Meadows.—These associated habitats were both dominated by Carex nebrascensis and 
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typically occurred adjacent to streams and marshy areas with a high water table overlain by a layer of sediment 
and organic material. In the bogs, Glyceria was often present, along with a limited number of forbs such as 
members of the Polygonaceae and Helenium autumnale. Tributary channels above the water flow of drainage 
bottoms supported the more abundant sedge meadow community, which also occurred along shallow chan¬ 
nels with no visible surface water. Sedge meadows were drier and more floristically diverse in hydrophytic 
graminoids, with Nebraska sedge occurring along with Juncus arcticus, other sedge species such as Carex di- 
sperma, as well as bulrush species in Scirpus and Schoenoplectus. Forbs included hydrophytes such as Lobelia 
siphilitica and Scutellaria galericulata, both regionally uncommon but locally abundant here, as well as the 
widespread Mentha arvensis and representatives of the Polygonaceae. 

Open Seeps.—Open seeps underlain by clay lenses occurred frequently throughout the drainage system. 
Groundwater emerged through the soil to create a shallow layer of standing water 1-2 cm deep over saturated 
clay-rich mud with little to no vegetative cover. Seeps ranged from ca. 1 m2 to 100 m2 in area and were located 
above stream level along shallow bank margins. The surfaces were dotted with low hummocks, vegetation- 
covered mounds from 10 to 50 cm in height and width. These habitats encompassed an unusual flora com¬ 
posed of species more typical of higher elevations (e.g., Dodecatheon pulchellum, Eleocharis quinquejlora, and 
Parnassiapalustris) along with a number of state-rare species, all Midwest prairie elements, such as Carex cra- 
wei, Gentianopsis virgata, and Hypoxis hirsuta. 

Fens.—This habitat type was a significant wetland community because only a few are known east of the 
Front Range, although diverse types occur commonly in higher elevations. Fens are characterized by a deep, 
subsurface peat layer (Culver &  Lemly 2013) and abundant Carex simulata. A C. simulata matrix is character¬ 
istic of higher elevation fens and indicative of peatland development (Culver and Lemly 2013). The largest 
Black Squirrel Creek fen covered ca. 400 m2 in a subsidiary drainage north of the main channel below a large 

Carex nebrascensis, and Schoenoplectus pungens. The few forbs present included Helenium autumnale and Par- 
nassia palustris. Soils were highly saturated and visibly quaked when stepped upon; the underlying peat layer 
was over a meter thick. Smaller apparent fens where the vegetation was dominated by C. simulata occurred 
sporadically in subsidiary wet drainages. 

Ponds.—A number of small ponds occurred throughout the drainages. These are generally less than 9.3 
m2 (ca. 100 ft. 2) in area, with a depth of 0.3 m (1 ft) to over 15 m (4 ft), depending on precipitation. The ponds 

along with diverse floating and emergent plant species. Pond associations included an emergent Typha marsh 
community, and a floating aquatic community with the carnivorous species Utricularia minor in shallow 
ponds, along with more common aquatics such as Sagittaria, Alisma, Sparganium, and Potamogeton. 

Vegetation transects 

though they also encompassed Nebraska sedge meadows and bogs as well as open seeps (Fig. 2). They varied 
in their vegetative cover and the relative cover of graminoids, forbs, or litter/bare ground (Table 3; Fig. 4). On 
average, total basal vegetative cover was slightly over 50%, and graminoids constituted almost 80% relative 
cover. The dominant grass contributors to cover (in order of prominence: Sporobolus heterolepis, Muhlenbergia 
montana, Schizachyrium scoparium, Sorghastrum nutans, and Calamovilfa longifolia; Table 4) parallelled key 
components documented by Livingston (1952). Common but lesser contributors in both studies included An- 
dropogon gerardii, Hesperostipa spartea, and Panicum virgatum. 

Variation among the transect quadrats reflected the characteristic local heterogeneity of patchy clumps of 
vegetation interspersed with open soil. Transect 1 was the most hydric, with abundant subsurface water and a 
small seep dominated by Juncus arcticus. It had the highest overall cover, primarily Sorghastrum nutans, Spo¬ 
robolus heterolepis, and Schizachyrium scoparium, with lesser components of Muhlenbergia montana, Bouteloua 
gracilis, Calamovilfa longifolia, Panicum virgatum, and Koeleria macrantha. 



li  20%. Sporobolus heterolepis contributed considerably lesser cover here (7%). In gen- 
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and underscored the decoupled metrics of a species contribution to cover from overall frequency of occurrence 

Grass Species Frequency Rankings 
Across all transects, the most common species (Table 3) were Muhlenbergia montana (frequency of ca. 42% of 
all quadrats), Schizachyrium scoparium (37% frequency), Sorghastrum nutans (36% frequency), Calamovilfa 
longifolia (35% frequency), Sporobolus heterolepis (34% frequency), and Juncus arcticus (32% frequency). Grass 
taxa of second tier frequency included Hesperostipa spartea (16% frequency), Bouteloua gracilis (15% frequen¬ 
cy), Andropogon gerardii (9% frequency), and Poa pratensis (9% frequency). The highest frequency non-grami- 
noid taxa (data not shown) included a high representation of Midwest prairie elements, notably Artemisia 
ludoviciana, Dalea purpurea, Equisetum arvense, Glycyrrhiza lepidota, Helenium autumnale, Oligoneuron rigidum, 
Rosa arkansana, Symphotrichum ericoides, and Symphotrichum laeve. These species were common components 
of the regional mixed grass prairie; only Helenium autumnale is an elevational disjunct more common in the 
Foothills/Montane zone than on the plains. 

Comparison of Grassland Vegetation Structure: 1940s and 2011 
Both studies document considerable variation within and among transects and the overall means cover wide 
ranges at both time frames (Table 3). We found considerably higher basal vegetative cover (typically over 50%) 
than what Livingston reported (typically less than 20%). In 2011, graminoids constituted ca. 80% of this cover, 
while on the Livingston forest-grassland plots, 85% of this cover was constituted by graminoids, and on the 
plains plots, 55%. The dominant grasses were similar, with Sporobolus heterolepis being the top contributor to 
cover in both studies. In 2011, Muhlenbergia montana, Schizachyrium scoparium, Sorghastrum nutans, and Cal¬ 
amovilfa longifolia were also important components; jointly these provided 60% relative cover. In the Livings¬ 
ton study, in addition to S. heterolepsis (55% relative cover), Poa pratensis, Bouteloua gracilis, and M. montana 

played key secondary roles on the plains (95% relative cover). 
Comparison of the frequency of species occurrence (Table 4) provides a similar picture of a consistent 

suite of species common to both time frames, albeit with different rankings for individual frequencies. Muhlen- 
bergia montana, Schizachyrium scoparium, Sorghastrum nutans, Calamovilfa longifolia, and Sporobolus heterole¬ 
pis were the most commonly occurring species in 2011, each present in over 30% of the quadrats. On the Liv¬ 
ingston forest plots, S. heterolepis, Poa pratensis, M. montana, and Koeleria macrantha were most frequently en¬ 
countered, while on the plains, S. scoparium, B. gracilis, S. heterolepis, C. longifolia, and A. gerardii each occurred 
in at least 50% of the quadrats. 

The 2011 structure of the tallgrass vegetation of Black Squirrel Creek remained strongly comparable to 
what Livingston described in the 1940s with respect to the most frequent grass species and those that contrib¬ 
uted the most cover. Key species in the 1940s (in particular, Sporobolus heterolepis, Muhlenbergia montana, 
Schizachyrium scoparium, and Sorghastrum nutans) remained important now. Andropogon gerardii seems to 
have diminished in both frequency and contribution to cover since the 1940s, although even then it was not a 
dominant component of the vegetation. However, because the Livingston transects could not be precisely relo¬ 
cated, our transect positions did not match his sample sites, and at least some of these differences may be arti¬ 
facts of different transect positions. Other differences may result from limited sampling in a landscape mosaic 
where topography, edaphic factors, and at least to some extent, current and past grazing practices, create 
patchy vegetation or bare ground. Because our plots had light grazing and no mowing (in comparison to the 
Livingston plots that were subjected to grazing and seasonal mowing), this may have allowed for greater cover 
to develop in some areas. Alternatively, these differences may reflect real changes in species abundance. Pos¬ 
sible considerations include recovery lag from the 1930s Dust Bowl decade that might have exerted a lingering 
effect during the 1940s, or the converse, when several substantial drought episodes in the intervening decades 
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Although Livingston’s characterization of Midwestern grasslands as “true prairie” may be arguable, his 
analogy of the Black Squirrel Creek vegetation to the Midwestern grasslands was then, and remains now, ap¬ 
propriate with respect to the major grasses present and their relative contributions to cover, as well as to the 
forb and shrub elements in the flora and vegetation structure. However, this vegetation is not identical to 
iconic tallgrass associations of the central prairies and identified elsewhere in Colorado, where Andropogon 
gerardii is the signature species with the highest cover and frequency (Moir 1972; Bock & Bock 1998; Neid et 
al. 2009). In the Black Squirrel Creek associations, while A. gerardii never contributed highly to cover, it oc¬ 
curred relatively frequently. The most prominent grass was Sporobolus heterolepis, occurring with foothills/ 
montane species such as Muhlenbergia montana and xeric or mixed grass prairie species such as Calamovilfa 
longifolia and Bouteloua gracilis. The Black Squirrel Creek vegetation may be better described as Sporobolus 
heterolepis-Muhlenbergia montana grasslands with subsidiary components of Calamovilfa longifolia, Schizachy- 
rium scoparium, or Sorghastrum nutans rather than the more classical model of tallgrass communities defined 
by the dominance of A. gerardii. No comparable associations dominated by Sporobolus heterolepis are currently 
listed by NatureServe (2013), or documented in Colorado, although Weaver (1954) described prairie dropseed 

The Wetland-Grassland Mosaic 
We concur with the conclusion reached by Livingston (1952) specifically for the Black Squirrel Creek/Black 
Forest area, and Branson et al. (1965) more broadly for the Colorado mountain front, that adequately high soil 
moisture is the key factor responsible for the occurrence of mesic tallgrass prairie. As transitional zones be¬ 
tween aquatic and terrestrial habitats, wetlands play vital roles in linking ecological and hydrological systems 
(Culver and Lemly 2013) and are widely recognized for having high biological significance due to their variety 
of biodiversity and community types; this is particularly true in the arid Arkansas River drainage of Pueblo and 
El Paso Counties (Doyle et al. 2001b) where few wetlands presently occur. In the Black Squirrel Creek drain- 

biota. As noted in other prairie systems (Semlitsch and Bodie 1998; Leibowitz 2003), even small and superfi¬ 
cially discontinuous imbedded wetlands support metapopulation, corridor, seasonal or annual habitat dy¬ 
namics for flora and fauna by connecting subsurface geology and hydrology. In the Black Squirrel Creek drain¬ 
age, this connectivity sustains the anomalous vegetation and flora and is certainly part of their longevity. 

A conclusion of botanical stasis along Black Squirrel Creek is not appropriate, however. Change has oc- 

extent of these grasslands, which now exist as remnants reduced in both number and size since the 1940s, and 
even by then probably reduced from their former extent prior to extensive ranching (Livingston 1952). Where 
widespread mesic grasslands once prevailed, housing developments and infrastructure or altered grasslands 
with adventive, grazing- tolerant, or xeric species sometimes now dominate. In spite of these alterations and 
diminished extent of communities flagged as noteworthy 70 years ago, the Black Squirrel Creek drainage re¬ 
mains a remarkable center of biotic diversity increasingly significant for its numerous rare or uncommon spe¬ 
cies, and its elevational and longitudinal disjuncts. Its unique grasslands show clear affiliation to their geo¬ 
graphically and temporally distant cousins that are not structurally identical but nonetheless strongly conspe- 
cific in their floristic profiles. 

substantial climatic vicissitudes. In the past century, interannual droughts have occurred regularly, and severe 
droughts within the context of these comparative studies show little apparent major impact in areas directly 
supported by ground water. Where this vegetation remains, the Black Squirrel Creek drainage testifies to the 
capacity of hydrogeomorphic systems to sustain relative stasis in prairie plant communities and their constitu- 
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APPENDIX 1 
ANNOTATED CHECKLIST OF THE VASCULAR FLORA 

UPPER BLACK SQUIRREL CREEK DRAINAGE, EL PASO CO., COLORADO 

Species list for vascular flora occurring in mesic and hydric communities of the upper Black Squirrel Creek 
drainage from 7000-6500 feet in elevation. The list includes some upland species occurring sporadically in the 
drainage system and gravel stream channels, but which are more typically found in the surrounding xeric 
mixed grass and shortgrass matrix in the surrounding uplands. Nomenclature (including family designations) 
and common names follow the National Resource Conservation Service database (www. Plants.USDA.gov: 
accessed 8/2013) except as noted. Nomenclature used in Colorado (e.g., Weber &  Wittmann 2012) is given in 
curly braces as {name} prior to the common name. Alternative Angiosperm Phylogeny Group familial designa¬ 
tions (APG; www.mobot.org/MOBOT/Research/APweb) are included for each family. Voucher specimens for 
all taxa are at COCO. Noteworthy species are coded as follows: 

FM Species generally occurring in Foothills/Montane zone 2000-3200 m (ca. 7000-10,500 ft). Distributions 
follow Weber and Wittman 2012; Culver and Lemly 2013; Kelso, 2012); occurrence on the prairie is re¬ 
stricted. 

MWP Species prominent in Midwest prairie as explicitly noted by Shantz (1923), Weaver and Fitzpatrick 
(1934: Tables 15; 16), Weaver (1954), and Livingston (1952). Earlier nomenclature used in these publica¬ 
tions cross-referenced with NRCS Plants Database synonyms. 

R Rare species listed as of conservation concern and tracked by the Colorado Natural Heritage Program (2012): 
State Conservation rankings are as follows: SI: Critically Imperiled, S2: Imperiled, S3: Vulnerable 

U Locally or regionally uncommon or local endemic (Kelso 2012; Weber &  Wittmann 2012) 
X Xeric element of uplands extending into mesic vegetation 
L indicates a species noted in the Livingston studies; square brackets indicates a species observed but not recol¬ 

lected in our study. Unless otherwise noted, these are locally common components of the xeric plains 
flora. Livingston species not observed are so indicated. 

Species with no coding are locally widespread components of regional vegetation. 
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